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ABSTRACT

This report presents the results of a survey of
1978 Optical Character Recognition (OCR) technology con-
ducted by NORDA Code 302, the Mapping, Charting, and
Geodesy Development Group. The Systems Engineering
Branch, Engineering and Science Services Laboratory
(ESSL), National Space Technology Laboratories was con-
tracted for a major portion of this effort. The survey
was required by the Defense Mapping Agency (DMA) as a
prelude to continuation of DMA funded OCR system devel-
opment efforts within NORDA. Three principal areas of
OCR technology development were reviewed:

® Government applications of OCR.
® Commercial OCR products.
® Software and basic research.

This document also contains an extensive bibliogra-
phy and discussion of selected papers.
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I. INTRODUCTION

This report presents the results of a survey of current Optical Character Recog-
nition (OCR) technology conducted by the Systems Engineering Branch, Engineering and
Science Services Laboratory (ESSL), National Space Technology Laboratories for the
Naval Ocean Research and Development Activity (NORDA). The survey was requested
by the Defense Mapping Agency (DMA) as a prelude to continuation of DMA funded OCR
system development efforts within NORDA., Three principal areas of OCR technology
development were reviewed:

® Government applications of OCR.

® Commercial OCR products.

® Software and basic research.

OCR application requirements within DMA exhibit features which, in many instan-
ces, markedly distinguish them froni typical OCR applications found in commercial,
business and governmental areas. In particular, the free format of the character data
to be read, such as the smooth sheet oceanographic sounding problem being investigated
by NORDA, departs x:adically from the constrained data input presented on prescribed

forms or cards which normally are required with existing OCR systems. The survey was
concerned with identifying details of systems, techniques or research that could be related

directly to DMA applications, in particular smooth sheet digitization.

The survey of government-sponsored OCR work was conducted to identify any on-
going development activities or prior experience that could be incorporated in a solution
to DMA's requirements. Information was obtained through the Defense Documentation

Center and through field surveys of Federal, State and local government OCR projects.

Commercial OCR systems were reviewed to determine their applicability and/or
adaptability to the DMA problems. It should be emphasized that this portion of the survey
was concerned with complete systems and not individual components that might be con-

figured into a suitable laboratory development system for DMA OCR applications research.

In gathering material for the review of software and research activities, it was

found that a few other surveys of the OCR field have been published in recent years. Two
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such articles, by Harmon [38]* and Ullmann [89], include tutorials on methods.

Harmon's article is problem-oriented; it discusses the general topic of OCR, then
concentrates on the recognition of handprint and script, then further particularizes to a
discussion of decision-making methods. Since Harmon's review covers the period up to
1972 it is an excellent supplement to the present report, which mostly concentrates on

later work.

The Ullmann survey is more technique-oriented. After a review of scanners and
other hardware, several preprocessing techniques are discussed. Then some recog-
nition methods are covered, including a few used in commercial systems. This is followed
by a discussion of the recognition of distorted characters (e.g. handprint, which deviates

from a fixed font), and some special topics.

Both articles couple their discussions of methods with references to the literature.
Aside from these, the annual surveys on image processing by Rosenfeld, which are narrated
bibliographies, contain sections on the character recognition literature. The three most

recent ones as of this writing are [65, 66, 67].

Some other surveys of special types have also been published. Baty [14] wrote
a nontechnical article describing the current state of the field, several applications and
projecting future developments. Himmel [39] presented four case studies in handprint OCR.

Kegel [45]) made a survey of OCR users who read numeric handprint.

The section on software and research gives a representative view of recent activity
in the field. The majority of the references are concerned with the recognition of handprint,
since that (if cursive script is included) is the area where most of the remaining unsolved
problems lie. Not all of the work dealt with complete systems for recognizing characters.,
Some of the research was concerned with specific techniques, and some related topics were
also covered. There were a few applications to particular problems, such as postal ad-

dress reading.

A summary of conclusions reached from the survey results is presented at the end

of the report.

*Numbers in brackets refer to the list of references in Appendix E.
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II. GOVERNMENT APPLICATIONS OF OCR - 3

An extensive literature search was conducted in the field of optical character recog-

nition through the Defense Documentation Center (DDC). The following products were re-

ceived: (1) Report Bibliography, (2) Work Unit Summaries, and (3) Independent Research )
and Development Reports. In addition, a National Technical Information Service (NTIS) ]
search was performed. The results of the NTIS search and the DDC Report Bibliography

are presented together. Summaries of field surveys are also provided.
A. WORK UNIT SUMMARIES

Work unit summaries were received on the activities of three military facilities.
ECOM Communication/ADP Lab, of Ft. Monmouth, New Jersey, was to devise new tech-
niques for automated data reduction that would be applied to the reading of handprinted
material. They developed a handprint reader system but came to the conclusion that
handprinted readers are only practical when they are tailored to an individual's writing

style. This effort was completed in 1972,

The Marine Corps Development Command, Quantico, Virginia, was to interface a
ruggedized version of a commercial grade OCR reader with the Automated Message Entry

System (AMES). The effort is still in progress as of 1977.

Rome Air Development Center (RADC), Griffiss Air Force Base, New York, has had
four significant OCR projects. One was to evaluate the existing optical character recogni-
tion capabilities of a Russian typeset print reader. This was done by Information Inter-
national, Inc. A similar effort is to be tried by Logos Development Corporation. Another
project was initiated to develop a capability to input handprinted alphanumerics by character
recognition techniques for a variety of records and documents. The conclusion was that
there should possibly be a family of OCR readers, each tailored to a particular set of
variables and specific applications., This effort was completed in 1977. The final effort
was to write an AGARD report entitled '"Optical Character Recognition and its Application
to Documentation - A State of the Art Review." This document addressed optical character

recognition of machine print only. The conclusion was that there is no present method for
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the automatic detection, scanning and processing of graphics. This effort was completed
in 1977,

' B. INDEPENDENT RESEARCH AND DEVELOPMENT REPORTS

The Independent Research and Development Reports identified five companies

involved in OCR developmental work under government contract. Control Data Corpora-~-

' tion had an effort in 1975 to develop an improved set of numeric handprint and symbol -

- character recognition algorithms which could recognize a large range of character shapes ;
:\ without a training set. The approach chosen was to extract basic features such as line
: beginnings, ends, splits, joints, and a class measurement feature related to line slope _ #
:. and flat information. In 1974, a prototype handprint unit was built and proven satisfactory.

This effort was terminated in 1975,

tl' E-Systems, Inc. put forth an effort to develop a single font numeric reader. The
Ei result was a single font OCR with a sixteen-character capacity. This effort was terminated .
' in 1976,

The Ford Motor Company received a research contract in 1973 to develop a means

of reading postal mail by OCR techniques, converting the information to a bar code and

Y

imprinting the code on the envelopes, A printer/reader would then be inserted between the
OCR and the Letter Sorting Machine (LSM). The reading process would be simplified if the

information was in digitized code. The project is continuing.

The Singer Company was involved in an effort to develop a low cost, hand-held OCR
reaaer that reads a 16 character field, and to develop a wand-based system for reading the
Universal Product Code (bar code).

Stanford Research Institute developed a means of producing scientific and technical

publications using OCR as an input device.

System Development Corporation had an effort to develop software which would

i
i
!

recognize handprinted input. Their result was an average recognition rate of 88 percent.
This was completed in 1975.

L




C.  FIELD SURVEYS ‘1

1. City of Baltimore, Maryland

The city of Baltimore has one IBM #1288 OCR reader which they use to prepare )

property tax bills, water meter bills, income tax forms, and to control food stamps. They

use it strictly for machine print in a "turn-around-document'' mode. This is the same

Ao

reader the State of Maryland currently uses for their income tax scanning tasks.

K YO

2. State of Maryland Income Tax Division .
"

The Income Tax Division currently scans Maryland withholding form #506 from _:

each employer on an IBM~1288 OCR device located in Baltimore. The forms are prepared -——;1
using constrained handprint methods of ''filling-in-the-box.' The acceptance rate is 857, S
but this includes the preprinted data (OCR-A font) as well as the handprint. The personnel ]
estimate that most of the errors are rejects; there are little substitutions. 3

They currently have an RFP out for the scanning of income tax documents utilizing
OCR-A font and constrained numeric handprint. Additionally, the reader must be able to
read handprint applied in lead pencil. All scanned data will be output to magnetic tape.

The equipment must be able to halt when a character is rejected and allow the operator to

manually key it in via a CRT terminal. The equipment must also be able to continuously

scan and send all rejected documents to a special receiver for later manual processing.

3. National Bureau of Standards (NBS)

Discussions were held with Mr. Jacob Rabinow of NBS concerning various techniques R

- he used for optical character recognition, such as the Crosswalk Technique, and Watchbird

. Technique. Mr., Rabinow could provide no documentation since these techniques all are S
. patents., He suggested that thinning the character after acquiring it was an improper tech- - "?
tﬂ' nique; instead, if thinning was necessary, it should be a part of the acquisition system, ]
& He does nat believe in feature selection for OCR because of the increasing number of fea- ‘l
L: tures needed as the character data sets become larger. ) .<
- Mr. Rabinow indicated that the Social Security Administration and Internal Revenue E

Service are studying the feasibility of using OCR to read 26 machine fonts. He also said the

standard commercial reading error rate (machine print) is 1 character in 100,000. It was
suggested that Mr. Art Hamburgen of IBM in Rochester, Minnesota, be contacted. It was




also mentioned that Recognition Equipment, Inc., (REI) is using a Retina device (an analog

fj_'f array, with all gray scales) for Sears Roebuck scanning activities.
4, U.S. Postal Service ._
The Postal Service has completed a data base for use in experiments with OCR '
handwritten algorithms. This data base was prepared at the Post Office Research Lab in o
Washington, D.C,, and at the Air Force Weapons Lab at Kirtland AFB, Albuguerque, T
S )
New Mexico. The purpose of the data base is to express in measurable terms the problem .
of free (unconstrained) handwritten numerals.
This data base consists of approximately 9500 handwritten Zip Codes (or approxi- _ _j
)

mately 47, 500 numerics) obtained from 14 dead letter offices across the country. The Zip
Codes are photographically reduced (2:1) on 35 mm film and then scanned using a 1.615
micro-programmable CRT scanner (Information International, Inc., Model PF4-3). The
scanner output provides 16 reflectanée l'evels‘ (shades of gray) on a 64X224 grid for each
Zip Code. This represents a resolution of 14,336 individual gray levels. This data is out-
put to tape.

At the completion of the scanning, the original material is evaluated at the Postal -
Lab for the following criteria: texture and primary color of the paper; ink color; pen type;
stroke width and uniformity; character-to-character height variation; Zip Code skew;
character slant; distortion of character. Each Zip Code is encoded with identifying data using

a Threshold T-500 speech recognizer. A tape containing this information is prepared. ~

The tape containing the encoded information is then sent to Kirtland AFB and is
merged with the scanned data tape. The resulting data base is known as Scan/Descriptor

Tapes. These tapes are 800 bpi IBM-compatible 9-track tapes with odd parity. The des-

criptors are recorded in 8-bit EBCDIC characters for descriptors; the scan data are

L recorded in double-packed 4-bit binary format., The data can then be accessed by various 1
;'_ criteria (i.e., all 5's, numbers that slant left, etc.) for testing in various algorithms. 1
L‘_ This data base is now complete. - !1

Originally, three cantractors were under consideration for associated hardware

and software development. These were Philco Ford, IBM, and Recognition Equipment,

Inc. Only REI remains as a viable contractor. .
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Currently, the Postal Service is making a data base of constrained handprinted
numerics. The input is a box-type document for the date and Zip Code. It must be noted
that these data bases are for input to a recognition technique(s) only; the Postal Service
is nd developing algorithms for handprint recognition. Only an estimated 15% of the mail
is handprinted.

The Postal Service estimates that 85% of the mail is now machine printed (typed).
- To support this type of mail, the Postal Service has 20 OCR-1 machine-print readers

: placed in various cities in the country. These read at a rate of 12 letters (pieces of mail)
per second, and they scan the last line only (Zip Code). The Postal Service has one OCR-2
reader in Boston, Massachusetts, which also reads 12 letters per second, but scans all
lines of the address. In New York City, the Postal Service has an IBM Advanced Mczil
Address Reader, a contextual processing machine for word recognition using omni-font.

It reads the complete address and then checks it in a look-up table containing all acceptable

'T.’.

street names and addresses, It selects the destination by contextual means if some alpha-

numerics are unreadable,

The Postal Service is also experimenting with voice recognition techniques for

. sorting parcels using the first three significant digits of the zip code.

5. Social Security Administration

In 1964, the Social Security Administration began looking at OCR techniques for the
,._ processing of their quarterly #941 forms received from employers. The quarterly input was
'. about 100 million line items, of which 50 million lines were OCR readable. The average page
of #941 contains 22 lines; the maximum number is 44 lines per page. The standard reading
width is 8 lines per inch, Social Security sent out a RFP specifically to process the #941
form. IBM responded and built a dedicated one-of-a-kind OC R reader (IBM #1975) on-site.

The IBM #1975 reads machine-printed #941 forms only, and requires timing tracks

on the forms for picking up the lines. It reads three fields: Social Secnrity number (numeric

only); name of employee (alpha only); and the dollar amount (numeric only). An alpha or
numeric character in the wrong field would generate an error. It reads at a 52% to 55%
acceptance rate which is measured in the number of lines correctly read per page, not

® the numbers of characters read. The rejected lines are marked; these are later hand-
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punched. It also rejects a complete page when the number of lines rejected reaches 50%
of the total lines; this feature was incorporated so that time was not wasted reading bad
pages. The substitution rate for the #1975 is about 4%. The recognition logic uses a "best
guess' technique for characters. The reader does not read specific employer informa-
tion which is also on the #941; this information has to be manually punched. The IBM

#1975 has been permanently taken out of service as of 1977.

In 1972, the Social Security Administration released another RFP for a new OCR
reader to supplement the IBM #1975, The basic requirements were for an acceptance rate
(lines, not characters) of 65%; a scanning rate of 40,000 lines per hour; and the ability to
also read the specific employer information on the #941 that the IBM #1975 could not read.
Recognition Equipment, Inc., (REI) responded with their Input 80 OCR reader. This is an
off-the-shelf reader, although it has been modified by REI to read about 400 machine-print
fonts. It is not used to read handprint. The Input 80 also reads the employer information
and the special box ""check-marks' that the IBM #1975 could not read. If a character can-
not be read, the machine places a red dot on that particular line, which is manually
processed, and later merged with the original data., This reader can read between 35, 000
and 38,000 lines per hour; it has an acceptance rate of 68% (lines), and a substitution rate
of 4%. Social Security personnel manually process 1% of the data for verification and
quality control, They currently have two operational REI Input 80's reading about 50 mil-

lion lines per calendar quarter.

The Social Security Administration has one Scan Data #2250/1 OCR device for read-

ing the 9-digit Social Security number in a constrained handprint format on Form #1002.
This form requests information from an employer about a previous entry he made on the
#914 form. The questions are typed in OCR-A font. The #1002 form is read and the data
are stored in disk under control of a PDP-8 computer., All rejects are stored on a
separate disk and are subsequently displayed on a CRT terminal for operator correction.
The corrected data are then merged back on the disk with the accepted data. This is the
only system the Social Security Administration has at this time which has a built-in edit

capability and which will scan numeric handprint,

The Social Security Administration has now been charged with preparing the annual
W-2 forms from employers. To support this new effort, they have released an RFP to

obtain equipment to serve this task. Briefly, the basic requirements are to read forms
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W-2 (three to a page), W-2P and W-3 with an acceptance rate of 96% for all numeric
characters and 93% for all alphabetic characters. The substitution rate shall not
exceed 3/4 of one percent for numeric characters, and 3 percent for alphabetic characters.

This RFP is for machine-print fonts (400) only, and is not intended for handprint.

6. Bureau of the Census

The Census Bureau routinely sends various types of questionnaires to industry,
farmers, and the general population to gather data. These forms are either filled out
directly by the group concerned, or they are prepared by a field interviewer. In either

case, the forms are prepared by filling in the appropriate box or circle.

The Census Bureau, working closely with the National Bureau of Standards, invented
the hardware (mark sense readers) to accomplish this massive data gathering and process-
ing effort. The special readers are called FOSDIC readers (Film Optical Scanning Device
for Input to Computers). The Census Bureau has had a great deal of success using this

data collection method.

They have tried using constrained handprint on some of their forms but feel that

this method is not reliable enough for their use. This is because people do not follow the

guidelines for making the characters. They require virtually 100% correct reading rates
for their data, and the constrained handprint method does not meet this goal. It is easier
for the public to fill in a box or circle than to duplicate a sample character set in a con-
strained manner. As a result, the Census Bureau is neo longer involved in using con-

strained numeric handprint. They are continuing to use their FOSDIC readers.
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III. OCR PRODUCTS

A. INTRODUCTION

The survey of commercial OCR systems that was conducted for this report concen-
trated on complete OCR systems and their present or directly modifiable capabilities.
There was no attempt to survey and catalog all components that might be utilized in the
assembly of a laboratory development OCR system for use in DMA applications, Such a
catalog would not provide a representative picture of the state-of-the-art in the commercial
OCR field since many components that might be included are not produced for specific OCR

application in the first place.

Information for this part of the survey was gathered from two principal sources:
¢ Computer Decisions Magazine's OCR Manufacturers List

® Datapro Feature Report - ""All About Optical Readers' (May 1977).

Additional background information was obtained from the survey papers of Harmon
[38] and Ullmann [89].

A list of forty-two (42) OCR vendors was compiled from the Computer Decisions list
and from lists and advertisements appearing in other computer equipment magazines and
journals. This group of vendors was contacted for product information. A total of eighteen
(18) replies were ultimately received from this survey, either directly or as a result of

follow-up phone calls.

Subsequent to the above correspondence, the Datapro Feature Report of May 1977
was obtained. This report provides a comprehensive overview of the state-of-the-art in
OCR systems as of May 1977 and as such provides the majority of the information necessary
for the present survey. However, due to copyright restrictions, the summary table from
the report cannot be included in this present report. Of the thirty-four (34) vendors
covered in the Datapro Report, twenty (20) were included in the group of forty-two (42)

originally circulated.

10
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Analysis of the Datapro Report indicated fourteen (14) vendors whose products
included handprint in the list of fonts recognized. Ten (10) of these vendors were among
the list of respondents to the original vendor survey. Of the remaining four (4), IBM has
been most reluctant to supply any information despite repeated phone calls and requests
for assistance; a lack of clearance to release proprietary information has been quoted as
the problem. The systems of the remaining three (3) vendors were determined, from the
Datapro Report, to fall into the category of basic document and page readers as discussed

below.

From the above outline of the OCR commercial product survey, it is felt that
(with the exception of IBM) information on available OCR systems, with any handprint
capability, is reasonably complete. One (1) additional system with handprint recognition

capability was identified, and one (1) system that can read a wide variety of printed formats
(books, letters etc.).

A list of vendors is included in Appendix C.
B. OCR SYSTEM TYPES

Three classifications of optical reader machines are normally used:
@ Mark Readers
® Bar Code Readers

® Character Readers
In some usage the term OCR is applied to systems of all three types. However, OCR is

more correctly used for character readers only, though in some instances, systems possess

all three capabilities.

Mark and bar code readers are utilized in a restrictive and specialized range of
applications where the input data is frequently in the form of a punched card (Mark reader)
or retail industry product code (bar code reader). Such systems are clearly not appro-
priate for consideration for application to the DMA tasks. They are therefore not dis-
cussed further in this report other than to point out that the Datapro Report includes a

comprehensive tabulation of available systems.

11
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C. CHARACTER READERS

Optical character readers have been classified in the Datapro Report into five
groups:

® Document Readers

® Page Readers

¢ Combination Document/Page Readers

®  Self-Punch Readers

® Journal Tape Readers.
In each instance this classification is based on the size and form of the input data records.

Most present-day OCR systems fall into the first three categories.

Since the present survey was aimed at systems possessing handprint recognition
capability, character readers only handling machine printed or stylized fonts are not dis-

cussed further. Vendors of such readers are, however, listed in Appendix C.

D. HANDPRINT READERS

As indicated in Section III-A above, some fifteen (15) OCR systems were identified
that included recognition of handprinted characters within their capabilities. These sys-

tems are listed in Table 3-1.

None of the systems listed can directly solve the immediate DMA problem of
digitizing and recognizing smooth sheet data, nor would any of the systems, in their present
form, be suitable for a laboratory development OCR system. However, the basic tech-
nology employed in several of the systems would allow solution of the smooth sheet problem,

if appropriate modifications and developments took place.

A more detailed discussion of the systems listed in Table 3-1 follows, in particular

those systems which were tried on a smooth sheet sample.

1. Smooth Sheet Sample Tests

As a result of information obtained on the various OCR systems with handprint

reading capability and telephone conversations with vendors' representatives, four (4)
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sample smooth sheets were sent out for trial reading and evaluation, The vendors who
participated in these tests were:
® Cognitronics Corporation

8 e e

® Information International, Incorporated
® Recognition Equipment, Incorporated '
® Scan-Optics, Incorporated. h ﬁ
It was recognized that none of the systems possessed a data entry or scanning system

suitable for handling the 37 inch x 42 inch smooth sheets. In addition, the orientation

and positioning of the sounding data on the sheets were expected to be beyond the present

capabilities of any of the systems,

The purpose of the tests was to determine if the recognition techniques used
would be suitable for recognizing typical sounding characters and if the vendors felt that
their equipment could be readily modified to handle this type of problem. It was also
understood that the smooth sheet problem was only representative of numerous applications

within DMA for a free-form OCR system.

Cognitronics made a brief analysis of the requirements and indicated that they
have the technology 'to solve the problem. They estimated that the cost of a suitable system
would lie in the region $100K - $125K. Their estimate was based on using a standard
hardware configuration, developing specialized software and feeding the smooth sheet into

the system in ''slices."

Information International has developed the GRAFIX I Image Processing System
with special application to the OCR area. A more detailed system functional description
is included in Appendix B. This is a large-scale system based on a DEC-10 central con-
trol computer with a special purpose two-dimensional image processing computer, the
Binary Image Processor (BIP). Since the GRAFIX I has been tested successfully on
documents which were not created specifically for OCR applications (including unstylized
mixed alphanumeric handprint), Information International feels that the system ceuld

be used to solve the smooth sheet problem with the development of new software for
character detection and isolation,

14
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Once again scanning and document handling pose a severe problem in that the

GRAFIX I is configured for microfilm data entry. Thus ""several dozen'" photographs of

!
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a smooth sheet would be required. Datapro lists the typical price of a GRAFIX I system . .
to be $2M. However the system would certainly have the computational power to address ‘
the DMA applications. Several papers have been published on the GRAFIX I and its appli- e j
cations, such as [32] and [33]. i .i

Recognition Equipment, one of the leaders in the development of OCR equipment,

manufactures several document/page readers for general commercial applications., A 1

functional description of the Input 80 System is contained in Appendix B. They also pro-
duce a hand-held OCR wand for use with a point-of-sale terminal. After study of the smooth
sheet sample, they indicated that their present systems would not be suitable for handling
that application. They recommended Information International as being the most likely

company with a suitable product.

Scan Optics manufactures four (4) different document/page reader systems con-
figured around an HP-21 minicomputer. Numeric handprint with a limited font of alpha
and other handprinted characters can be read. Their conclusion, after study of the smooth
sheet sample, was that their equipment would not be suitable for this application. The size
of the document, together with orientation and position variances in the sounding characters,

once again presented a fundamental obstacle.

2. Other Systems

As indicated in Section ITI-A, two (2) OCR systems with potentially interesting
capabilities were identified, which were not covered in the Datapro Report, namely:
¢ Hitachi-Zosen XONDEX

® Kurzweil Computer Products Reading Machine

The XONDEX System was developed in Japan primarily for the purpose of tran-
scribing computer programs from handwritten coding forms into punched cards thereby
avoiding keypunch errors. Although this system claims 99.9% reading accuracy, and to
have been designed for handwritten character recognition, the constraints on the charac-
ter formation and positioning on the special coding form place it in the same class as other

document/page' readers as far as the DMA applications are concerned.

15




The Kurzweil Reading Machine was designed to convert printed narrative (books, ; :

letters, documents, journals etc.) into speech as a reading aid for the blind. Considerable

success has been obtained with this system and a more conventional OCR system has

since been marketed - the Kurzweil Data Entry Machine. With this system, a period of ‘
training is required to adapt the machine to the material being scanned. Once training i 4
is accomplished, production throughput is achieved. For good quality printed material,

substitution errors of 1 in 20,000 (or better) are quoted. As yet handprint has not been - i:

included in this system's capabilities, although both Kurzweil machines are omnifont

readers that can also accept type in a wide range of sizes. The system is turnkey in

operation with proprietary software and costing $117K. The Kurzweil Reading Machine,
which has fewer peripherals, sells for $50K.

E. CONC LUSIONS

It is clear from the smooth sheet evaluations, and the survey of commercial OCR
systems in general, that no existing system is configured in a manner that could readily
solve the smooth sheet problem or lend itself to a laboratory development system. The
only exception to this is the GRAFIX I. However, this system is more properly termed an
image processing system and, as such, is in a completely different class from the other
systems, costing roughly four (4) times as much as the next most elaborate systems

(Recognition Equipment Input 80C and Scan-Data 2250-1 425),

All of the existing systems which include handwritten characters within their i
recognition capability rely on the fact that such characters are placed in predetermined
positions on the data entry form and conform to the American National Standards Institute

(ANSI) format.

It is possible to separate the OCR process into three basic stages:
® Character Acquisition
® Character Isolation

® Character Recognition

16
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In the commercial systems surveyed, the first two stages are accomplished

through fixed format documents and constrained character formation. For the DMA

ﬂ applications, particularly smooth sheet digitization, character acquisition and isolation
form a major part of the problem. It is in these specific areas, therefore, that the com-

b mercial OCR systems are not presently adequate or even easily modifiable.

In the character recognition stage, existing commercial techniques, such as feature

'— analysis and matrix matching, are appropriate for DMA applications and give promise of
. low error rates, both reject and substitution. However, this part of 